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Light and Temperature

An object with a temperature T (in Kelvins) emits thermal
radiation in a broad range of wavelengths, with the peak
wavelength being λmax = .0029 / T. So, for example,
human body temperature is 98.6°F. I can convert this into 
°C by using the equation above; it comes out to 37 °C.
This is equal to 310 K. So, the peak wavelength a person
emits is λ = .0029 / 310 = 9.4×10-6 m. Converting into
frequency, f = v / λ = (3×108) / (9.4×10-6) = 3.2×1013 Hz.
This is in the infrared range, which explains why we don't
appear to be glowing when we look at each other; it's out
of our visible range, in infrared. With a special camera, or
with eyes like a house fly, I could actually see this
infrared light.

This also explains why the particular infrared range is
most associated with heat radiation: most of the hot things
we encounter are too cool to emit visible light. However,
as the temperature increases, the wavelength will decrease,
and thus the frequency will increase, bringing emission
into the visible band.

. 1 What wavelength is emitted by boiling water? By ice?

. 2 The hottest temperature Mr. Z. commonly encounters in the kitchen is 400°F, the temperature at
which he bakes pizza (Mr. Z. is almost as famous with his housemates for his homemade pizzas as he
is for his pancakes).

a) What is that temperature in K?

b) What wavelength will the oven emit at this temperature? What frequency is that?

. 3 a) A heat lamp has a temperature of about 800 K. What peak wavelength does it emit? Where in the
spectrum is that?



spectrum is that?

b) The filament of a halogen light bulb has a temperature of 3300 K. What peak wavelength does it
emit? Where is it in the spectrum?

c) Why does a heat lamp heat me more effectively than a (much hotter) halogen bulb? Which is more
efficient for lighting a room?

. 4 The peak wavelength of the sun is yellow, right in the middle of the visible band of light. This is why
the sun's light appears white; unlike a heat lamp, it isn't off to one side of the spectrum.

a) What wavelength, approximately, does the sun's light have?

b) What then must the surface temperature of the sun be?

c) Some other types of stars glow with different peak colors. How hot is a star whose peak
wavelength is blue?

. 5 Some objects in space emit even higher wavelengths than this. For example, the matter falling into the
black hole at the center of our galaxy is heated to about 4,000,000 K before it falls in.

a) What wavelength will it emit?

b) What frequency is that?

c) Where in the electromagnetic spectrum is that?


